Introduction {#S0001}
============

Intracerebral hemorrhage (ICH) is a type of stroke with a high incidence of mortality and disability.[@CIT0001] Van Asch et al[@CIT0002] reported that between 1980 and 2008, the ICH incidence rate globally was 51.8/100,000/year in Asia, 24.2/51.8/100,000/year in caucasians, 22.9/51.8/100,000/year in blacks, 19.6/51.8/100,000/year in Spain; and it increases with age. The mortality rate after a month of detection of ICH was 40.4% and the lowest mortality rate is observed in the Japanese population who have a rate of 16.7%.[@CIT0002],[@CIT0003]

ICH causes the blood to enter the brain parenchyma via the ruptured blood vessels, that in turn causes ischemia, inflammation, edema, cytotoxicity, etc., to result in a series of pathological changes in the neurons, such as hematoma formation, enlargement and ischemia and hypoxia and edema of surrounding brain tissue.[@CIT0004],[@CIT0005] Recent studies have reported that one-third of the patients with ICH experience progressive deterioration of their central nervous system after a period of time following onset,[@CIT0006] suggesting that in addition to the acute neuronal damage caused by hematoma, there is secondary damage to the surrounding tissues of the hematoma.[@CIT0007] The area in the tissue lesion and in which edema forms around the hematoma following cerebral hemorrhage is called the penumbra or penumbra of the hematoma,[@CIT0008],[@CIT0009] and studies have reported that the formation of neovascularization in the penumbra is induced by the reperfusion and oxygen supply within time to reduce the process of neuronal apoptosis and necrosis, which are key factors affecting the prognosis of ICH.[@CIT0008],[@CIT0009]

Interleukin-12 (IL-12) formed by the combination of two subunits, p35 and p40, via disulfide bonds[@CIT0010] is a key pro-inflammatory factor in the cellular immune response process, mainly secreted by the dendritic cells and macrophages in the antigen-presenting cells and B lymphoblasts, upon stimulation by antigen,[@CIT0011],[@CIT0012] that in turn activate the NK and T cells to regulate inflammation.[@CIT0013] Previous studies have shown that the IL-12 inhibition of the endothelial cell functions and angiogenesis is mediated by the cross-talk between the lymphocyte and the endothelial cells,[@CIT0014] which plays a key role in inhibiting the process of angiogenesis in the eyeballs[@CIT0015],[@CIT0016] and in malignant tumors.[@CIT0017],[@CIT0018] However, the expression of IL-12 in penumbra of the hematoma and its function are not yet known. In this study, we observed that blockade of the interleukin-12 receptor attenuated the brain injury induced by the intracerebral hemorrhage in rat and IL-12 inhibits the process of angiogenesis in the hematoma border zone via the JAK2/STAT4 pathway. Thus, blocking the interleukin-12 receptor in the ICH patients is a potential treatment strategy for ICH.

Materials and Methods {#S0002}
=====================

Animal and ICH Models {#S0002-S2001}
---------------------

A total of 80 Normal Sprague-Dawley rats (300--350 g, 15- 16-weeks-old, male: female = 1:1) were purchased from the First Affiliated Hospital of Xinxiang Medical University and fed by the animal center (free-feeding, 12h each day and night, 22±2°C). The rats were first divided into 2 groups according to gender, and then grouped according to the random number table method, and each group of rats had the same sex ratio. This study was carried out in strict accordance with the recommendations in the Guide for the International Cooperation Committee of Animal Welfare (ICCAW), which is responsible for animal care and use in China. All animal experiments are approved and regulated by the Animal Ethics Committee in the First Affiliated Hospital of Xinxiang Medical University.

ICH model: 50 μL of whole blood was drawn from the femoral artery of the rat into the ipsilateral striatum, inserted into the striatum through a 26 G diameter needle, the depth of the skull was 5.8 mm or less, and the blood was manually injected for more than 10 min.

Sham group: 50 μL of whole blood was drawn from the femoral artery of the rat, but no more after that.

Anti-IL-12 treatment: ICH rats in anti-IL-12 group were injected with 1 mg/kg IL-12 R beta (MAB8650, R&D Systems, USA) monoclonal antibody by tail vein.[@CIT0019]

Injection procedure: Inject the IL-12 R beta antibody immediately after the ICH model is established, and then wait 6 hrs and 12 hrs to re-inject the IL-12 R beta antibody. After 24 hrs of ICH, we performed an antibody injection once a day until the rats were sacrificed.

Western Blot {#S0002-S2002}
------------

Western blot was used to detect the protein expression in tissues and cell lysates as previously described.[@CIT0020],[@CIT0021] The primary antibody were incubated in 4°C overnight and the primary antibody were anti-IL-12 p40 antibody (1:1000, ab77373, abcam, UK), anti-JAK2 antibody (1:500, ab39636, abcam, UK), anti-JAK2 (phospho Y1007) antibody (1:500, ab195055, abcam, UK), anti-STAT4 antibody (1:2000, ab235946, abcam, UK) and anti-STAT4 (phospho Y693) antibody (1:500, ab28815, abcam, UK). The second antibody was incubated for 1 hr at room temperature. BeyoECL Plus kit (P0018S, Beyotime, Shanghai, China) was used to chromogenic and densitometry protein bands with Beckman Coulter Immunoassay System (UniCel DxI 800, Beckman, CA, USA).

Real-Time Fluorescence Quantitative Polymerase Chain Reaction {#S0002-S2003}
-------------------------------------------------------------

mRNA expression levels were detected by Real-time fluorescence Quantitative Polymerase Chain Reaction (RT-qPCR) as previously described.[@CIT0020],[@CIT0021] Total RNA was extract with RNAiso Plus (D9108A, taraka, Japan) and cDNA was synthesized with cDNA reverse transcription kit (6210A, taraka, Japan) in PCR amplifier (S-1000, BIO-RAD). And GoTaq^®^ qPCR Master Mix (A6002, Promega, USA) was used to detect the mRNA expression by fluorescence quantitative polymerase chain instrument (FQD-96A, Shanghai Bori Technology Co., Ltd., China). The primers are shown in [Table 1](#T0001){ref-type="table"}.Table 1Primers for RT-qPCRGenePrimer Sequence (5ʹ-3ʹ)*IL-12 p40*Forward: GTCCTCAGAAGCTAACCATCTCCReverse: CCAGAGCCTATGACTCCATGTC*CXCL1*Forward: ACTGCACCCAAACCGAAGTCReverse: TGGGGACACCTTTTAGCATCTT*CXCL2*Forward: CCAACCACCAGGCTACAGGReverse: GCGTCACACTCAAGCTCTG*CCL4*Forward: TTCCTGCTGTTTCTCTTACACCTReverse: CTGTCTGCCTCTTTTGGTCAG*CCL5*Forward: TTTGCCTACCTCTCCCTCGReverse: CGACTGCAAGATTGGAGCACT*IFN-γ*Forward: GCCACGGCACAGTCATTGAReverse: TGCTGATGGCCTGATTGTCTT*TNF-α*Forward: CCTGTAGCCCACGTCGTAGReverse: GGGAGTAGACAAGGTACAACCC*IL-4*Forward: ATCATCGGCATTTTGAACGAGGReverse: TGCAGCTCCATGAGAACACTA*IL-13*Forward: CCTGGCTCTTGCTTGCCTTReverse: GGTCTTGTGTGATGTTGCTCA

Flow Cytometry {#S0002-S2004}
--------------

At 7 days after ICH, we sacrificed the rats to separate the hematoma border tissue of brain, and preparation of single cell suspension and antibody incubation as previously described.[@CIT0022] Antibodies (Percp-Cy5.5-CD45, FITC-CD31, FITC-CD3 and PE-CD11b) were all purchase from BD biosciences and incubated on 4°C for 30 mins.

Immunofluorescence {#S0002-S2005}
------------------

The brain tissue sections were fixed with 4% paraformaldehyde, 0.2% TritonX-100 was ruptured; Rabbit serum and rat serum were incubated for 1 hr at room temperature, and washed with PBS for 3 times; The primary antibody was incubated overnight at 4 degrees and the secondary antibody was incubated for 1 hr at room temperature. Primary antibodies: Anti-CD11b antibody (1:200, ab8878, abcam, UK) and anti-IL-12 p40 antibody (1:2000, ab77373, abcam, UK); Secondary antibodies: TRITC-conjugated goat-rabbit IgG (C5872, Jackson Immunoresearch, USA), Goat anti-Rabbit IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor 488 (A11008, Invitrogen, USA). At last, 5 ug/mL DAPI (D8417, SIGMA, USA) at room temperature for 5 mins.

Brain Injury Assessment {#S0002-S2006}
-----------------------

### Brain Water Content {#S0002-S2006-S3001}

The rats were sacrificed to obtain brain tissue, and the weight (A) was weighed and then dried in a 100°C oven for 24 h until the weight was no longer reduced and weighed (B). Brain water content = (A-B)/A.

### EB Staining {#S0002-S2006-S3002}

The extent of blood-brain barrier damage was monitored by EB staining. One hour before being sacrificed, 2% of EB was injected through the tail vein. After 1 hr of circulation, when the heart was perfused with pre-cooled saline until the clear flow of the right atrium, the brain was quickly decapitated, the wet mass was weighed with an electronic balance, and the rat brain was placed in a 3 mL formamide solution. Centrifuge in a 45 °C water bath for 24 h, 10,000 r/min for 10 min, take the supernatant, and measure the A value (wavelength 620 nm) with a multi-function microplate reader. The sample EB content (μg·mL −1) was calculated from the EB solution standard curve. Brain tissue EB content (μg·g-1) = EB content of the sample to be tested (μg.mL-1) × Formamide capacity (mL)/brain wet weight (g).

### Garcia Test {#S0002-S2006-S3003}

The Garcia neurofunctionality test method reference is Chen et al.[@CIT0023] The score of normal rats in the Garcia neurofunctionality test is 18.

### Beam Walking Test {#S0002-S2006-S3004}

The Beam walking test method reference is Manaenko et al.[@CIT0024] The score of normal rats in the Beam walking test is 5.

### Wire Hanging Test {#S0002-S2006-S3005}

The wire hanging test method reference is Manaenko et al.[@CIT0025] The score of normal rats in the Garcia neurofunctionality test is 5.

Tube Formation {#S0002-S2007}
--------------

We isolated and cultured rat BMVES[@CIT0026] and BMDM[@CIT0027] as previously described. The Matrigel (354230, BD biosciences, USA) was melted in advance and placed in the lower hole of the ibidi angiogenic slide (81506, IBIDI, German). After gelation, the cell suspension was added to the upper hole of the angiogenic slide.

The independent culture system: 20,000 BMVES/50 μL was added to the upper hole of the angiogenic slide. Co-culture system: 20,000 BMVES/30 μL and 10,000 BMDM/20 μL was added to the upper hole of the angiogenic slide. For cell culture medium, we selectively added 50 ng/mL b-FGF, 0.02 ng/mL rmIL-12 (SRP4163, MERCK, German) and 2 nM Fedratinib (HY-10409, MCE, USA).

The inoculated cells were incubated in an incubator (37°C+5% CO2) for 6 hrs and then washed twice with PBS. 5 μM of calcein (17783, sigma, USA) was added to the wells, and incubated at 37 °C for 30 mins, and then washed 3 times with PBS. Observed under a Fluorescence microscope (FCK-50C, CAIKON, China). We quantified the total length of the image tube using angioquant v1.33 software (Mathworks, USA).

Statistical Analysis {#S0002-S2008}
--------------------

The data in this study was analyzed by Statistical Product and Service Solutions 20.0 (IBM, USA), and the data was presented as (Mean ± Standard Deviation). Data between the two groups were compared by student's *t* test, and multiple groups were compared with one-way ANOVA that duncan test as post hoc test. And P\<0.05 means significant difference.

Results {#S0003}
=======

IL-12 Is Highly Expressed After ICH {#S0003-S2001}
-----------------------------------

At different times after ICH, we sacrificed the rats to separate the hematoma border tissue and measured the IL-12 gene expression. As shown in [Figure 1](#F0001){ref-type="fig"}, The expression of IL-12 gene increased after ICH and peaked at 24 hrs after ICH, and then gradually decreased. The expression of IL-12 gene gradually stabilized after 7 days of ICH, but it was still significantly higher than normal. In addition, we also found that IL-12 p40 mRNA expression was highest in CD45+CD31+ cells in hematoma border zone at 7 days after ICH ([Figure 2A](#F0002){ref-type="fig"}), and immunofluorescence showed that CD31+ and IL-12 p40 protein expressed in the same cell in hematoma border zone at 7 days after ICH ([Figure 2B](#F0002){ref-type="fig"}).Figure 1ICH induces IL-12 over-expression in rats. (**A, B**) Western blot analysis of IL-12 p35 protein expression in cerebral hemorrhage tissue at different times after ICH (**A**) and gray analysis of protein bands (**B**); (**C**) RT-qPCR was used to detect the expression of IL-12 p35 mRNA in cerebral hemorrhage tissue at different times after ICH. \*P\<0.05 versus (vs) pre (before ICH) group, and 5 rats per group.Figure 2IL-12 p40 is mainly localized in monocytes. (**A**) RT-PCR analysis of IL-12 p40 mRNA in different cell types in cerebral hemorrhage tissue at 7 days after ICH; (**B**) Immunofluorescence analysis of IL-12 p40 and CD11b protein expression in cerebral hemorrhage tissue at 7 days after ICH. Seven rats per group.

IL-12 Blockade Attenuates Brain Damage After ICH {#S0003-S2002}
------------------------------------------------

As shown in [Figure 3A](#F0003){ref-type="fig"} and B, at 7 days after ICH, although there was no significant difference in brain water content and EB content in contralateral brain tissue between rats in difference group, brain water content and EB content in ICH group was significantly higher than that in sham group, and anti-IL-12 treatment could significantly reduce brain water content and EB content in ICH rats. Moreover, the score of Garcia, Beam balance and the Wire hanging test in rats of ICH group was significantly lower than in the sham group, and anti-IL-12 treatment could significantly increase the score of Garcia, Beam balance and Wire hanging test in ICH rats ([Figure 3C](#F0003){ref-type="fig"}).Figure 3Effect of IL-12 blockade on brain damage in rats with ICH. (**A**) The brain water content in ipsilateral and contralateral brain tissue at 7 days after ICH, 6 rats per group; (**B**) EB staining was used to detect the content of EB in ipsilateral and contralateral brain tissue at 7 days after ICH, 8 rats per group; (**C**) The score of Garcia, Beam balance and Wire hanging test in rats at 7 days after ICH, 8 rats per group. \*P\<0.05 vs Sham group, and ^\#^P\<0.05 vs ICH group.

IL-12 Blockade Promotes Angiogenesis After ICH {#S0003-S2003}
----------------------------------------------

At 7 days after ICH, we analyzed the cell types in the hematoma border zone and found that ([Figure 4A](#F0004){ref-type="fig"}) the ratio of CD45-CD31+ cells in ICH group was significantly higher than that in sham group, but significantly lower than that in Anti-IL-12 group. And Western blot also showed that CD31 protein expression in ICH group was significantly higher than that in sham group, but also significantly lower than that in Anti-IL-12 group ([Figure 4B](#F0004){ref-type="fig"}). In vitro, we found there was no significant difference in the tube length between b-FGF group and b-FGF+rmIL-12 group in a separately cultured BMVES system, but the tube length in b-FGF+rmIL-12 group was significantly shorter than that in b-FGF group in the BMVES and BMDM co-culture systems ([Figure 4C](#F0004){ref-type="fig"}). Furthermore, rmIL-12 treatment could significantly increase Thbs1 and Arg1 mRNA expression but decrease Ang mRNA expression ([Figure 4D](#F0004){ref-type="fig"}).Figure 4Effect of IL-12 on angiogenesis after ICH. (**A**) Flow cytometry analysis of CD45-CD31+ positive cells ratio in hematoma border zone at 7 days after ICH, 8 rats per group; (**B**) CD31 protein expression in hematoma border zone (upper) at 7 days after ICH and gray analysis of protein bands (lower), 8 rats per group; (**C**) Calcein staining was used to detect the tubule formation of BMVES in tubule formation experiment, 3 independent experiments; (**D**) RT-qPCR analysis of angiogenesis-related regulatory gene expression in BMDM after rmIL-12 treatment, 3 independent experiments.

IL-12 Blockade Activates M2 Macrophages and Inhibits JAK2/STAT4 Pathway After ICH {#S0003-S2004}
---------------------------------------------------------------------------------

As shown in [Figure 5A](#F0005){ref-type="fig"}--[D](#F0005){ref-type="fig"}, we found out that whether in the hematoma border tissue or in CD11b+ cells derived from hematoma border tissue at 7 days after ICH, the expression levels of pro-inflammatory factor gene and inflammatory factor gene in ICH rats were significantly higher than those in Sham group, but anti-IL-12 treatment could significantly decrease them. We also found that rmIL-12 not only induced high expression of pro-inflammatory genes (CXCL1, CXCL2, CCL4 and CCL5) and inflammatory genes (IFN-γ and TNF-α) in BMDM cells in vitro, but also induced low expression of anti-inflammatory genes (IL-4 and IL-13) in BMDM cells in vitro ([Figure 5E](#F0005){ref-type="fig"}).Figure 5Effect of IL-12 blockade on inflammation in hematoma border zone of ICH rats. (**A, B**) RT-qPCR analysis of pro-inflammatory genes (**A**) and inflammatory genes (**B**) expression in hematoma border zone of rats at 7 days after ICH, 7 rats per group; (**C, D**) RT-qPCR analysis of pro-inflammatory genes (**A**) and inflammatory genes (**B**) expression in CD11b+ positive cells in hematoma border zone of rats at 7 days after ICH, 7 rats per group; (**E**) RT-qPCR analysis of pro-inflammatory genes and inflammatory genes expression in BMDM after rmIL-12 treatment, 3 independent experiments. \*P\<0.05 vs Sham group, and ^\#^P\<0.05 vs ICH group.

At 7 days and 14 days after ICH, compared with the ICH rats without treatment, the proportion of iNOS+ cells in CD45+Gr-1-CD11b+ macrophages in hematoma border zone was significantly decrease in ICH rats with anti-IL-12 treatment ([Figure 6Aa](#F0006){ref-type="fig"}), and the proportion of Arginase1+ cells in CD45+Gr-1-CD11b+ macrophages in hematoma border zone was significantly increase ([Figure 6Ab](#F0006){ref-type="fig"}). In addition, we also found that the expression of p-JAK2/JAK2 and p-STAT4/STAT4 protein in the hematoma border tissue of ICH rats with anti-IL-12 treatment was significantly lower than that in ICH rats ([Figure 6B](#F0006){ref-type="fig"}). Similarly, rmIL-12 induced p-JAK2/JAK2 and p-STAT4/STAT4 protein expression significantly increase, and Fed, a JAK2 inhibitor, could significantly decrease the p-JAK2/JAK2 and p-STAT4/STAT4 protein expression in BMDM after treatment with rmIL-12 ([Figure 6C](#F0006){ref-type="fig"}). More importantly was Fed also significantly increase the tube length in BMVES and BMDM co-culture systems after treating with b-FGF and rmIL-12 ([Figure 6D](#F0006){ref-type="fig"}).Figure 6Effect of IL-12 blockade on M2 macrophage activation and JAK2/STAT4 pathway in hematoma border zone of ICH rats. (**A**) Flow cytometry analysis of iNOS+ (a) and Arginase1+ (b) cells in CD45+Gr-1-CD11b+ macrophages in hematoma border zone of ICH rats and ICH rats treated with anti-IL-12 at 7 days after ICH, 7 rats per group; (**B**) JAK2, p-JAK2, STAT4 and p-STAT4 protein expression in hematoma border zone of ICH rats and ICH rats treated with anti-IL-12 at 7 days after ICH, 7 rats per group; (**C**) JAK2, p-JAK2, STAT4 and p-STAT4 protein expression in BMDM after rmIL-12 and Rap treatment, 3 independent experiments; (**D**) Calcein staining was used to detect the tubule formation of BMVES in tubule formation experiment, 3 independent experiments.

Discussion {#S0004}
==========

We observed that the IL-12 is highly expressed in the hematoma border region of the ICH model rats and blocking its receptor effectively attenuates the ICH induced brain damage in rats. The ICH damages the brain by the following two mechanisms:[@CIT0001] 1) Primary brain damage, referred to as the physical damage of the brain tissues caused by the ICH induced clotting of blood in the brain. Following the onset of ICH, there is an enlargement of the hematoma which results in increased intracranial pressure, followed by compression of the brain tissues-related leading to the presentation of the cerebral blood flow disorder (cerebral ischemia), with the eventual incidence of cerebral palsy; and 2) Secondary brain damage is referred to the primary brain damage triggered cascade, associated with the physiological response of the hematoma and the release of the coagulation components. Thus, hematomas play a critical role in both primary and secondary brain injury in ICH as evident from these resultant effects:[@CIT0028],[@CIT0029] 1) Hematoma occupying oppression caused microcirculatory disorders. Cerebral hemorrhage is followed immediately by a decrease of the regional cerebral blood flow (rCBF) due to the compression of the hematoma, which causes incidence of cerebral ischemic injury;  and 2) Cerebral blood flow can automatically adjust the disorder but the incidence of brain edema can cause dysfunction of the cerebral vascular autoregulation. Therefore, recovery of rCBF in areas of cerebral ischemia is critical for the patients to recover from cerebral hemorrhage.

In the current study, we observed that blocking the IL-12 receptor attenuated the ICH associated brain damage and increased the expression of the CD31 protein in the hematoma region of rats with cerebral hemorrhage. CD31, also known as Platelet endothelial cell adhesion molecule-1 (PECAM-1/CD31), is a biomarker of the endothelial cells and angiogenesis.[@CIT0030] It is known that neovascularization restores blood and oxygen supply to the tissues to attenuate the hypoxic-ischemic induced injury and promote repair of the tissues, which reverses the apoptosis events in the neurons, glial and endothelial cells.[@CIT0009] From the current study results, we also observed that blocking the IL-12 receptors promoted angiogenesis in the hematoma areas of rats with ICH, which can be used to attenuate the ICH associated brain damage in rats. Our data is supported by the previous work of Morini et al,[@CIT0016] who found that transfection of the gene IL-12 plasmid significantly prevented the growth and vascularization of the highly angiogenic KS-Imm Kaposi's sarcoma and TS/A murine mammary carcinoma tumors in nude mice. Further, Wigginton et al[@CIT0031] reported that IL-12 effectively inhibited the process of angiogenesis in malignant tumor tissues. Recent years have also provided more information on the role of IL-12 as an anti-angiogenic factor in animal models, for example, Kan et al, reported that knocking out IL-12, which is highly expressed in the heart tissue from the heart-damaged rats, facilitated p35 to repair the damaged heart tissue by promoting the process of angiogenesis.[@CIT0032]

Previously, it has been shown that the IL-12, which is mainly produced by the dendritic cells (DCs) and macrophages, promotes the immune function of the T helper1 (Th1) cells by inducing the expression of IFN-γ, and plays a role in promoting mitosis of the T cells, and its anti-angiogenic factor is associated with the T cells and macrophages.[@CIT0014],[@CIT0033] In the current study, we observed that IL-12 is mainly localized in the monocytes; further rmIL-12 did not affect angiogenesis of the BMVES cells in vitro, but significantly inhibited its angiogenesis in the BMVES and BMDM co-culture systems. This suggests that rmIL-12 inhibits the process of angiogenesis via the BMDM pathway and does not directly act on BMVES. In addition, we observed that rmIL-12 induces the in vitro expression of Thbs1 and Arg1 and inhibition of angiopoietin, which promotes angiogenesis.[@CIT0034] Thbs1, a cellular matrix protein, is known to negatively regulate the angiogenic function by regulating the survival and migration of the endothelial cells by modulating the vascular endothelial growth factor.[@CIT0035],[@CIT0036] Arg1 is an intracellular enzyme that inhibits the process of angiogenesis and endothelial cell function by modulating the activity of the nitric oxide synthase.[@CIT0037] Further studies have shown that blocking the IL-12 receptor not only promotes the expression of pro-inflammatory gene in the hematoma region and hematoma region CD11b+ cells, but also affects the expression of IFN-γ, TNF-α, IL-4 and IL-13. In addition, our study also found that blocking the IL-12 receptor significantly reduced the proportion of the M1 macrophages and increased the proportion of the M2 macrophages in the hematoma area of rats with ICH. Th cells are of two types, viz., the Th1 cells and Th2 cells. The Th1 cells are mainly driven by IL-12 of the macrophages, which induces signaling of the IFN-γ and TNF-α cytokines, while the IL-4 effects the Th2 cells function via the signaling associated with the IL-4, IL-5 and IL-13 cytokines. Previously, it has been shown that the cytokine-mediated Janus kinase/signaling and transcriptional activator (JAK/STAT) signaling pathways play a critical role in the differentiation of the Th1 and Th2 cells, and IL-12 is known to mediate the JAK2/STAT4 pathway. We observed in the current study that blocking the IL-12 receptor significantly reduced the phosphorylated levels of JAK2/JAK2 and STAT4/STAT4 proteins in the hematoma region of rats with cerebral hemorrhage, and inhibition of JAK2/STAT4 with rmIL-12promoted angiogenesis. The results safely suggests that blocking the IL-12 receptor reduces the IL-12-induced Th1 cell differentiation process.

Conclusion {#S0005}
==========

IL-12 highly expressed in the hematoma area of ICH rats, induces the differentiation of Th1 through the JAK2/STAT4 pathway to inhibit the process of angiogenesis, while blockade of the IL-12 receptor attenuate the ICH associated brain injury in rat by promoting angiogenesis.
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